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Low-SPEED STALLING CHARClCTERISTICS OF THE 

DOUGLAS D-558-11 RESEXRCH AIRF'LAIIE 

By Jack  Fischel  and  Donald  Reisert 

The  low-speed  stalling  and  lift  characteristics  of the Douglas 
D-558-11 airplane  were.  meas-ired in a series  of 1 g stall approachee per- 
formed  with  several wing modifications  designed  to  alleviate  swept-wing 
instability  and  pitch-up. The airplane  configurations  investigated 

in  combination  with  retracted,  free-floating,  or  extended slats, and a 

were  investigated  with  flaps and landing  gear  retracted  and  extended  at 
an altitude  of  about 20,000 feet. 

? include  the  basic w i n g  configuration  and two --fence  configurations 

Y wing  leading-edge  chord-extension  configuration. All configurations 

With  slats,  flaps,  and  landing  gear  retracted,  none  of  the wing 
modifications  investigated had an appreciable  effect on the lift or sta- 
bility  characteristics  at  low and mderate angles of attack.  Regardless 
of  wing-fence  configuration,  appreciably  larger  values of peak  normal- 
force  coefficient were attained  with  slats  unlocked  (free  float- ) or 
fully extend&  than  with  slats  closed. W i n g  fences  and  the chord- 
extension  tended to delay the onset of instability  with  slats  retracted, 
and the  stable  region was further  extended  for  the  configurations  with 
either  no  wing  fences or inboard  King  fences when the  slats were free 
floating  or  extended. 

With  flaps and landing gear extended,  only  the fully extended slat 
configuration  affected  the  variation of normal-force  coefficient  with 
angle of attack  by  increasing  this  variation  slightly.  Peak  values of 
normal-force  coefficient  attained  were  the same for all configurations 
except  the  chord-extension  configuration.  For  this  configuration exces- 
sive  buffeting  caused  earlier  termination  of  the  maneuver.  Most of the 
configurations  had  little  or  no  effect  on the stability  characteristics 
over  most of the  lower  and  moderate  angle-of-attack  range.  The  airplane 

than  with w i n g  fences  installed  when  the slats were  extended.  At  larger 
angles  of  attack  and  with  slats extended, inboard  wing  fences  materially 

1 appeared  somewhat  more  stable,.  hawever,  with no wing  fences  installed 

.;. improved  the  stability  characteristics of the amlane. 
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A t  any given  angle of attack, wing flaps provided an increment in i 

normal-force  coefficient of about 0.3; whereas, the free-floating  or 
fully extended slats provided  zero  incremental l i f t  except a t  very large I 

angles of attack. The airplane  generally  appeared more stable longi- 
tud ina l ly   a t  comparable speeds with flaps  deflected  than wi th  flaps 
retracted,  but  marginal dyna,mic lateral s tab i l i t y  was evident  for  several 
configurations with f laps  extended or  retracted. - 

. .  

In  general,  adequate stall warning i n  the form of buffeting was 
noted by the p i l o t   i n  the stable region of flight, particularly  for  the 
chord-extension  configuration fo r  which buffeting  appeared  aggravated. 

INTRODUCTION 

As a par t  of the cooperative A i r  Force-Navy-NACA high-speed flight 
program, the  National Advisory Committee fo r  Aeronautics is conducting a 
flight-research p r o m  ut i l iz ing  the Douglas D-558-11 swept-wing research 
airplane. During the course of this flight program, the ef fec ts  of vari- 
ous modifications  designed t o  a l leviate  swept-wing ins tab i l i ty  and pitch- n, 
up were investigated from s t a l l i ng  speed up to  a maximum Mach number of 
about 1.0 (refs. 1 t o  3 ). The airplane  configurations  investigated 
include  the  basic wing configuration and two wing-fence configurations 
i n  combination w i t h  retracted, free-floating, o r  extended slats, and a 
wing leading-edge  chord-extension  configuration. The results of the low- 
speed stalling characterist ics of the airplane in each of the aforemen- 
tioned  configurations,  with  flaps and landing  gear  retracted and  extended, 
are  presented  in  this  paper. 

_. 
d 

SYMBOLS 

b 

CNA 

wing span, f t  

a i rplane  nom-force  coeff ic ient ,  nw/qs 

w i n g  chord, f t  

wing mean aerodynamic chord (M.A.C. ) , f t  

aileron  control  force, Ib 

elevator  control  force, lb  

rudder  control  force, lb  

L 

I. 

4 
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acceleration due to  gravity, ft/sec2 

pressure altitude, f t  

s t ab i l i ze r   s e t t i ng  with respect to  fuselage  center  line, 
posit ive when leading edge of stabilizer is up, deg 

free-stream Mach rider 

normal load  factor o r  acceleration, g uni ts  

free-stream dynamic pressure, lb/sq ft 

wing area, sq f t  

the, sec 

indicated airspeed, mph 

airplane w e i g h t ,  lb  

angle of attack  of airplane center  l ine,  deg 

angle  of sideslip , deg 

total aileron  position, deg 

elevator  position w i t h  respect   to   s tabi l izer ,  deg 

rudder position w i t h  respect t o   v e r t i c a l  tail, deg 

slat position,  in. 

pitching  velocity , radians/sec 

ro l l ing  v e b c i t y ,  radians/sec 

yawing velocity , ra-s/sec 

AIRPLPLNE I 

The Douglas D-39-11 airplane used in this investigation is  equipped 
with both a Westinghouse J34-WE-40 turbojet  engine, which exhausts out 
the bottom of the fuselage between the wing and the tail, and a Reaction - 
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Motors, k c .  m8-m-6 rocket  engine,  which  exhausts  out the rear  of  the 
fuselage.  The  airplane  is  air-launched f r o m  a Boeing B-29 mother  air- 
plane. A photograph  of the airplane is shown in  figure 1 and a three- 
view  drawing  is  shown in figure 2. Pertinent  dimensions  and  character- 
istics of the  unmodified  airplane  are  listed  in  table 1; 

For  the  present  series  of  tests several wing-fence configurations 
were  investigated  in  combination with several  slat  configurations. A 
wing  leading-edge  chord-extension was also  investigated.. The fence  con- 
figurations  are shown in  figures 3 and 4. The inboard wing fences  were 
incorporated in the.origina1  airplane  configuration to improve  the  longi- 
tudinal  stability  characteristics of the  airplane  at low speeds  and at 
high  an  lee of attack (a > 10') when  the  wing  slats were f u l l y  extended 
(ref. 4 7 . The outboard wing fences  were  similar to the optimum  fence 
configuration  developed  in  the wid-tunnel investigation  of  reference 4 
for  improving  the  IongitFinal  stability  characteristics  at  high angles 
of attack in the  airplane  clean  condition. m e  wing  slats (figs. 5 
and 6 1 may be  locked in either  the open (extended)  or  closed  (retracted) 
position, or they my be  unlocked (free floating ). In the  unlocked  con- 
dition  they  are  normally  closed  at law values,of angle of attack or 
normal-force  coefficient and open  with  increase in angle  of  attack. The 
left and  ri&t w i n g  slats are interconnected and always  have  approxi- 
mately  the s a m  position. 

The w i n g  leading-edge  chord-extensions shown in  figures 7 and 8 
were  similar to those  tested in the  wind  tunnel  and  found  to  provide 
an  improvement  in  static  longitudinal  stability  at  moderate angles of 
attack  (refs. 5 ,  6 ,  and  unpublished  data)..  These  chord-extensions  were 
approximately the NACA 63-008 airfoil  profile in the  streamwise  direc- 
t ion  and  were  faired in to  the wing profile over the span of the  chord- 
extensions. In addition,  the  chord-extensions  were  faired into the  wing 
tips  and the inboard  ends were flat-sided in the  vertical stremise 
plane.  For this configuration  the wing  slats  were  locked  closed  and a l l  
fences  were remved. Addition of the  wing  chord-extensions  increased 
the  wing  area from 175 square feet  to 181.2 feet  and  the wing 
mean aerodynamic  chord  from 87.3 inches to 90.0 inches.  For  convenience 
in  comparison of the data with data  for  the  unmodified  airplane,  however, 
all data  presented are based on the  dimensions of the  unmodified  airplane. 

The airplane  is  equipped  with an adjuatable  stabilizer  but  there 
are no means provided  for  trinrming  out  aileron-  or  rudder-control  forces. 
No aerodynamic  balance  or  control-force  boost  system is used on any of 
the  controls.  Hydraulic dampers are installed on all control  surfaces 
to  aid in the prevention of control-surface "buzz." Dive  brakes  are 
located on the  rear  portion of the f'uselage. 

Figure 9 shows the friction in the elevator-control system as meas- 
ured on the ground under no .load as the control was deflected slowly. 

. L  
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The r a t e  of  control  deflection was suff ic ient ly  low so that the control 
force  resulting from the hydraulic damper in the  control system was 
negligible. 

Among the standard NACA recording  instruments installed in the air- 
plane to  obtain flight data were instruments which measured the follarfng 
quantities  pertinent t o  this investigation: 

Airspeed 
Altitude 
Angle of attack 
Angle of s idesl ip  
Normal aeceleratfon 
Rolling, yawing, and pitching  velocit ies 
Stabil izer,   elevator,   ai leron, rudder, and slat positions 
Aileron  and  elevator wheel force 
Rudder pedal  force 

All instruments were synchronized by means of a common timer. 

The elevator and rudder  positions were measured a t  the  inboard end 
of each  control  surface; the le f t  and right aileron  positions were meas- 
ured on b e l l  cranks  about 1 foot forward of the ailerons; and the sta- 
bi l izer   posi t ion was measured a t  the plane of symmetry. A l l  control 
positions w e r e  measured perpendicular to the control  hinge line. 

A n  NACA high-speed Pi to t - s ta t ic  tube (type A-6 of ref. 7) was 
mounted on a boom 42 feet forward of the nose of the airplane. The 

vanes used to   masure the angle o f  attack and angle of s idesl ip  were 
mounted on the 8 a e  boom about $ f ee t  and 3 feet, respectively, for-  
ward of the nose  of the  airplane. Angle of attack and angle of side- 
s l i p  are presented  as  Gaswed with only instrument  corrections  applied. 
However, any inherent errors, such as caused by upwash effects ,  n e  
believed t o  have  a negligible  effect  on the analysis of the data. 

4 

2 

The'low-speed s t a l l i ng  and. l i f t  characterist ics of the Douglas 
D - 5 5 8 - n  airplane were measured i n  a ser ies  ,of lg stall approaches i n  
the  following  airplane  configurations: 
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(a) S l a t s  retracted  (locked  closed ), f laps  and landing gear 

(b) Sla t s   docked ,   f l aps  and landing  gear  retracted. 
(c)   Slats  unlocked, f laps and landing  gear  extended. 

retracted. 

2. Inboard r i ng  fences. 

(a)  Slats  retracted,   f laps and Landing gear  retracted. 
(b) Slats unlocked, f laps  and landing gear retracted. 
(c)   Slats  unlocked, f laps  and landing gear extended. 

3. Inboard and outboard w i n g  fences. 

(a) Skts   re t rac ted ,   f laps  and landing gear  retracted. 
(b) Slats  unlocked, flaps and landing  gear  extended. 

4. W i n g  S h t S  ~ully extended (no wing fences). 

(a) Flaps and landing gear retracted. 
(b F h p s  and landing gear extended. 

5. Wing slats fully extended and inboard w i n g  fences. 

(a)  Flaps and landing  gear  retracted. 
(b Flaps and landing gear  extended. 

6 .  Wing leading-edge  chord-extensions (no fences , slats retracted ). 

a )  FIBPS and landing gear retracted. 
b) Flaps and landing gear  extended. 

The s t a l l  approaches were performed a t   a l t i t u d e s  between about 
18,700 feet and 21,500 feet and a t  a generally  constant wing losdtng 
of 64 pounds per  square  foot. The location of the airplane  center of  
gravity was between 24.9- and "26.9-percent- m e a  aero&yPlaJnlc chord fo r  
all but the chord-extension  configuration.  For the chord-extension 
configuration  the  center  of gravity was located between 22.4- and 
22.8-percent mean aerodynamic chord in order t o  provide the a m  degree 
of apparent  longitudinal stability for the airplane aa in the unmodified 
configuration with the  center  of gravity a t  about 25- to 26-percent mean 
aerodynamic chord  (refs. 3 and 5 ). Stabilizer  control  settings  ranging 
from 1.3O t o  2.3" were used fo r  all the maneuvers. 

c 

. " 

In general, the stall-approach maneuvers were performed a t  a r a t e  
of decreasing  airspeed  of  about 1 to  2 rdiles  per hour per second. The * 
pi lo ts  attempted t o  continue  the maneuver t o  as low a speed as f e 8 B i b k J  
but usually terminated the maneuver after.pitch-up o r  severe roll-off -4 
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was  experienced and subsequently  effected  recovery. As a result, the 
complete  wing stall or maximum normal-force  coefficient  generally was 
not  realized  in  the  -ewers. 

Data  obtained  during  the  stall-approach  maneuvers  performed in each 
configuration  are  presented in figures 10 to 23 in the form of  time- 
history  plots  and as the  variation  of  several  pertinent  longitudinal 
stability  quantities  with  indicated  airspeed. Inasmuch as  almost simi- 
lar w i n g  loadings  and  test  altitudes  exieted  for all maneuvers,  indi- 
cated  airspeed h s  been  used  as a variable to show and compare  stability 
characteristics  for  the  various  configurations.  For  convenience in com- 
paring  the data, the  flight  conditions and figure  nunhers of the data 
presented  are  tabulated  in  table 11. Figures 24 to 27 present  compari- 
son plots s h a g  the  effect of wing  modification on the  variation  of 
elevator  deflection  and  normal-force  coefficient  with angle of attack 
for  each  configuration  investigated. 

* 
Because  of the similarity in several of the  characteristics  exhibited 

I 
by  the  airplane  during  the stall approaches,  regardless of wing  configu- 
ration, a rather  complete  discussion  of  the data obtained  is  confined to 
the  basic  wing  configuration. Only those  characteristics  pertinent to 
each  of  the  other  configurations are discussed in this  paper.  For  con- 
venience  in  presentation, a swmnary of  results  obtained  durfng  the 
reported  maneuvers  is  presented In table III. 

Effect  of W i n g  Configuration on S t a l l h g  and 

Lift  Cheracteristics 

Basic wing confirnation. - Measured hta obtained  during 1 g stall 
approaches  performed in each of three  conditions  wTth  the  basic wing 
configuration  are shown in  figures 10 to 12. In the clean  condition 
the  poor  lateral damping characteristics of the airplane for small- 
amplitude  oscillations  (ref. 8) are observed  at  Vi > 195 mph; however, 
below 195 mph the lateral  stability  improves.  Lateral  stability agah 
deteriorates  at  speeds  belaw  approximately 190 mph,  with  accorapanyin 
erratic  motion in both  the  aileron and elevator  controls (fig. lO(a) 7 . 
As a result  of  the  erratic  control mtion and poor  airplane  response  at 
lower  speeds  shown  in  figure  lO(a), the variation of the  quantities 
plotted  against  Vi in figure 1 O ( b  ) shows  appreciable  scatter. How- 

fixed  longitudinal  stability,  indicated by the slope of  the  curve  of 
elevator  deflection  against  Vi,  appears  to  be  positive as speed  is 

s ever,  general  trends  may  be noted f r o m  these  plots.  The  apparent  stick- 

v 
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decreased t o  V i  fil 185 mphJ is approximately  neutral  to V i  % 170 mph, 
and appears  unstable a t  speeds bel-m VI . fil . . 170 - . mph. . - . - . . In  . . ". figure . - . . . 10(a) a ~ 

large amount of dam-elevator  control  application is  apparent from time 
102.0 seconds t o  104.3 seconds, after which up-elevator  control  appli- 
cation is  again  apparent. This trend  results from the apparent pitch-up 
experienced by the  pilot ,  who applied excessive  elevator-control  deflec- 
t ions  in  an attempt t o  control the airplane, thereby  causing the air- 
plane t o  pitch down and then up. Subqeqpent t o  this experience the 
maneuver was terminated. The push-down performed by the pi lot   usual ly  
accentuated  the  stick-fixed  instability of the airplane a t  low speeds. 
( W s  general  trend wae experienced and followed by the pilots  durin 
mst of the maneuvers, a s  may be noted i n  the data presented  herein. 7 
I n  general,  the  apparent  stick-free  longitudinal  stability,  indicated 
by the slope of the curve of Fe against V i ,  appears  neutral  over most 
of the stall-approach maneuver-and gr@of-Ae ele%3or-force.vq.iation 
lies within  the  control-friction band (fig.  Peak values of a no 
and C N ~  0.95, corresponding t o  a minimum speed of VI = 168 mph, were 
obtained in this maneuver. 

5 

. 

. . ." 

With the slats unlocked appreciable aileron  control movement was  a 
required as the s t a l l  was approached, but the airplane motions appear 
re la t ively smooth (fig.  ll). The opening  of the s l a t  appears  gradual 
and smooth and the airplane appears t o  retain apparent  stick-fixed lon- 
gi tudinal   s tabi l i ty  down t o  Vi PJ 175 mph. Opening the s l a t  had no 
ef fec t  on the speed a t  which the airplane became unstable ( V i  170 mph); 
however, higher  peak.  values  of a and C N ~  and a lower minimum speed 
were realized with the  e la ts  unlocked. The apparent  stick-free  longi- 
tudinal s t ab i l i t y  appeared neutral  over most of the stall-approach 
maneuver and unstable a t  speeds below V i  PJ 178 mph. 

-. ..  ." - 

Extending the flaps and landing gear with the slats unlocked 
increased  the  degree of apparent  stick-fixed and stick-free  longitudinal 
s t ab i l i t y  a t  coqarable  airspeeds and appreciably  decreased  the minim 
speed and increased the peak values  of a. and CNA attained (fig. 12). 
Stick-fixed  instability is apparent a t  speeds below Vi..- 144 mph. Stick- 
f ree   instabi l i ty  is apparent a t  speeds below Vi ei 147 mph. In  general, 
the slat opening wa8 smooth and gradual and, as the s t a l l  was approached, 
the control motions and airplane  response  appear smoother than i n  the.- 
other two flight  conditions  discussed. At V i  > 180 mph, however, a 
Dutch r o l l  type of oacil lation was experienced and is sham i n  the data 
of figure =(a). I n  addition some evidence  of  right-wing  heaviness, 
result ing from extending the f laps  and  Unding &aJ is -shown by a com- 
parison 0.f. the 6, data of figures lO(a), Il(a), and 12(a). 

- 

.- 

- - " 

. ." 

" " 

. 
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Unlocking the slats with gear and flaps retracted produced no incre- 
ment of C N ~  f o r  given values of  a; hawever, extending  the  flaps and 
gear  produced an increment i n  C N ~  of about 0.3. 

P i l o t s '  descriptions of the  stall-approach mmeuvers in  the  subject 
configuration are in general agreement with the preceding  discussion. In 
addition,  the  pilots  detected  the onset of m i l d  buffet  at V i  = 190 mph 
i n  stalls performed with  f laps and gear  retracted, and a t  V i  ZJ 170 mph 
with  the  flaps and gear  extended and slats unlocked. 

Confiwation  with  inboard wing fences.- Data obtained  during 
l g  stall  approaches  performed  with  inboard wing fences  installed &re pre- 
sented i n  figures 13 to 15. A more complete discussion of stall-approach 
maneuvers performed in  this  configuration  with  another D-538-II airplane 
is presented i n  reference 9. 

Adding the  inboard w i n g  fences caused a s l igh t  improvement i n  the 
dynamic lateral s tab i l i ty   charac te r i s t ics  of the airplane  in  the  clean 
condition and made possible  considerably  steadier  f l ight.   In  addition 
the  airplane  tended to  re ta in  some degree of apparent  stick-fixed lon- 
gitudinal   s tabi l i ty  to lower airspeeds  with  inboard  fences than was 
maintained i n  the  basic w configuration. (Compare data of figs. 10 
and 13; also see table E&? Hmver,  with  the  additfon of the wing 
fences, wing droppfng w-as experienced  near the stall as  evidenced by the 
lef t   a i leron  input   s tar t fng a t  time 12 seconds (fig.  l3(a)) and as 
reported by the  pi lot .  

Unlocking the  s la te  had a smll ef fec t  toward increasing  the  degree 
of stick-fixed  stabil i ty  exhibited by the  airplane  in  the stall approach 
and  lowered the speed below which the  airplane became stick-fixed 
unstable t o  V i  % 161 mph (fig. 14). The latter ef fec t  fs i n  agreement 
with  the  results of  the  wind-tunnel  investigation  of  reference 4 and 
w a s  also reported in greater detai l   fn . reference 9. Also, a s  previously 
discussed  for  the  basic wing configuration,  the  pilot  reported that 
unlocking  the slats resulted in a  smother  stall-approach maneuver in 
this  configuration than with slats locked closed. As a result of the 
improved s ta l l ing  character is t ics ,  a lower minimum speed and higher peak 
values of a and C N ~  were attained i n  t h i s  maneuver than were obtained 
with  the  basic wing configuration. 

W i t h  t he   s l a t s  unlocked and f laps  and landing gear extended, a 
Dutch r o l l  osci l la t ion w a s  experienced at   the  higher  stall-apgroach 
speeds.  Erratic  control motions and airplane  response were exhibited 
a t  the lower speeds and the airplane motion and elevator  Input  appeared l.m out  of phase pr ior  to  the   s ta l l   ( f ig .   15(a  1 ). The degree of appar- 
ent  st ick-fixed  stabilfty was approximately the 6ame with  the slats 
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unlocked  and flaps and gear re t racted  or  extended a t  comparably low and 
moderate values  of a, but  a t  comparable speeds  appeared t o  be greater 
w i t h  f laps  and gear  extended. I n  other respects the airplane  exhibited CI 

roughly the same characterist ics as in  the basic wing configuration. 
Buffet warning w a s  reported by the   p i lo t   a t  V i  FJ 155 mgh which is  w e l l  
above the stal l  speed. The pilot   also  reported the l a t e r a l   s t a b i l i t y  was 
marginal below about 160 mph. . 

? 
.. " 

. " 

." 

Confiwation  with  inboard and outboard King fences. - Data  obtained 
during lg stall-approach maneuvers performed i n  the configuration  incor- 
porating two fences i n  the clean and landing  conditions are shown in 
figures 16 and 17. 

For the clean-condition stall approach a 6-11 degree  of  apparent 
stick-fixed  longitudinal  stabFlity is exhibi ted  a t  Bpeeds down t o  
V i  RI 175 mph. Below V i  = 175 mph the s t a t i c  longitudinal s t ab i l i t y  
appeared t o  decrease and the  pilot   experienced  difficulty  in  f lying  the 
airplane smoothly. These effects  may be noted i n  figure 16, particularly 
the  errat ic  airplane and control motions as the stall was approached. 

Extending the f laps  and gear and unlocking the slats resul ted  in  1, 
an  increase i n  the apparent  stick-fixed  longitudinal  stability a t  com- 
parable  speeds  (fig. 17). In  general, the stick-free s t ab i l i t y  was 
n e u t r a l   a t  speeds above V i  FJ 145 mph. B e l o w  V i  FJ 145 mph the appar- 
ent  stick-free and stick-fixed  stabil i ty appeared t o  decrease. Evalua- 
t ion of this condition, however, i s  diff icul t  because of the e r r a t i c  
airplane and control  mtions in  this speed range. S la t  opening appears 
f a i r l y  gradual and smooth and pilot  observation of buffet was reported 
a t  V i  143 mph, which is  f a i r ly   c lose   t o  the minimum speed of  131 mph 
indicated far this maneuver. 

* 

..- 

In  general this configuration,  as  did  the  previous  configuration, 
provided only a small improvement i n  handling  characteristics compared 
with the characterist ics of the basic wing configuration. 

Configuration with slats fu l ly  extended (no wing fences >. - S t a l l -  
approach data obtained w i t h  the slats i n  the . f u l l y  extended  position 
(f ig .  5 )  and with no wing fences  installed are sham in  f i w e s .  18 a@ 19 
for  the conditions  with  flaps..and.  gear  retracted and extended, respectively. 

. ". 

In  either  condltion,  the  data show the control motions and airplane 
motions to be e r r a t i c  as the minim speed of  each maneuver was approached. 
A comparison of tbe, data o f  f.igures 18 a ~ @ _ $ . . g d _ t a b l e  I11 shows that 
the airplane  exhibited a greater degree of.  apparent stick-'fixed . s tab i l i ty  
i n  the landing  condition and retained s tab i l i ty  down to appreciably lower 
speeds than when the flaps and gear were retracted. Izi both  conditions .1 

the  stick-free  characteristics appear marginal over most of the speea" 

. .  

. . . . . - - 
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range and unstable a t  the lower speeds. With f l a p s  and gear  retracted 
the pilot   reported  roll-off  tendencies  near minimum speed. With f laps  
ahd gear  extended,  marginal dynamic l a t e r a l   s t a b i l i t y  was reported a t  
speeds below ' V i  E 150 mph and the data of figure l g ( a )  indicate a 
left-wing heaviness as the speed  decreased. 

With the slats fully extended the  airplane  attained  appreciably 
higher  values  of g, and C N ~  and a lower minimum speed  than i n  the 
basic wing configuration when the  f laps and gear were retracted.  These 
margins were not so marked, however, in  the  landing  condition. In most 
o the r  respects  these two configmations  appeared similar. 

Configuration  with slats fu l ly  extended and inboard wing fences.- 
Data obtained  during the l g  stall-approach maneuvers w i t h  slats fu l ly  
extended and inboard  fences. a t  0.36 wing semispan are  shown i n  figure 20 
for  the  condition  with  flaps and gear  retracted and i n  figure 21 for   the 
landing  condition. 

The control motions and airplane response  appear  only s l i gh t ly  
e r r a t i c  w i t h  f laps  and landing  gear  retracted  (fig.  20(a)); however, 
t h i s  effect is mainly i n  the lateral plane.  Appreciable  use of a i leron 
and rudder is noted i n  the time-history  plot  for  the  landing  condition 
(f ig .  21 (a ) 1, but  the  airplane motions do not  appear  severe until the 
stall is approached. With f laps  and gear rejxacted, the airplane is 
shown to  be s l ight ly   s table   longi tudinal ly  t o  Vi E 167 mph as speed 
is reduced, neutrally stable t o  160 mph, and apparently  unstable a t  
lower speeds. With f laps  and gear extended the degree of  apparent sta- 
bi l i ty   exhibi ted a t  comparable speeds or  angles  of  attack was  generally 
greater than  with  flaps and gear retracted.  Also in  the  landing  condi- 
t ion  the  a i rplane retained s t a b i l i t y  t o  the  lowest  speed  attained 
(Vi = 127 mph) , although a marginal region is apparent from V i  145 mph 
t o  135 mph. Adeqmte s ta l l  warning in the form  of buffet  became more 
apparent as the s t a l l  was approached in e i ther  flight conpition. 

Because of  the  retention  of  apparent  stick-fixed  stability to  lower 
speeds in the landing  condition and the absence of any pitch-up,  this 
configuratfon was considered  by the p i lo t s   t o   be  an improvement over the 
basic wing configuration a t  the lower  speeds. Table III a lso  shows that 
this  configuration  generally  provided some increase in  peak a and C N ~  
and a decrease i n  minimum V i  attained. 

Wing leading-edge  chord-extension  configuration. - Data obtained 
during l g  stall-approach maneuvers performed i n   t h e  clean and landing 
conditions  with wing leading-edge  chord-extensions  installed  over the 
outer 0.32 semispan of each wing panel  are  presented in figures 22 
and 23, respectively. 
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Inspection of the data of figure 22 shows that   the s t a l l  performed 
in  the clean  condition.was  generally smooth, with rolling oscil lations 
occurring a t  speeds helm V i  k 185 mph as the s t a l l  waB approached. 
The apparent  sti-ck-fixed  stability was generally stable down t o  
V i  = 197 mph, neutrally  stable between Vi = 197 mph and 170 mph, and 
unstable below V i  = 170 mph.  The stick-free s k b i l i t y  was generally 
neutral  a t  speeds above 175 mph and =table a t  lower speeds. In the 
landing  condition  a-slight  roll ing  oscil lation was apparent  during the 
en t i re  maneuver and became  more severe  near minimum speeds (f ig .  23 (a) ) . 
A t  Vi < 200 mph the apparent  stick-fixed  stability was appreciably 
greater i n  the Landing condition than in  the &an condition and posi- 
t i ve   s t ab i l i t y  was retained  to the minimum speed  of the maneuver in the 
landing condition. .However, the  pilot   reported some tendency  toward 
longitudinal and lateral ins tab i l i ty   in  the landing condftion a t  mini- 
mum speed, and the data of figure 23(a ] indicate   this  trend. Also, the 
stick-free  stability  in  the  landing  cqnditian was greater than in  the 
clean  condition (compare figs.  23(a) and =(a) ). The peak values of a 
and CN* attained in the  landing  condition were not appreciably  higher 
than i n  the clean  condition, as had been experienced Fa other  configura- 
tions  investigated, but the incremental  effect on C N ~  values over the 
a range was the s'ame as  experienced  with  other  configurations. These 
effects  resulted from the f ac t  that the slats were retracted fo r  this- 
configuration, hence wing-flow separation  probably  tended t o  occur a t  a 
lower  value of a when the  flaps were extended. Also, the p i l o t  noted 
the s t a r t  of buffeting a t  s l igh t ly  lower values of a snd C N ~  for 

t h i s  configuration than for  other  configurations tested and the  buffet 
intensity rise appeared more severe a t  given  values  of a and CNA. 
Therefore, the meuver i n  the landing condition was terminated st a 
lower l eve l  of  a. 

Comparison of Stal l ing and L i f t  Characteristics 

With Various Wing Modifications 

Flaps and landing gear retracted.- The effect  of the various wing 
stall-control  devices on the s t ab i l i t y  and lift characterist ics of the 
Douglas D-558-11 airplane  in the clean  condition is shown i n  figure 24. 
Addition of wing fences  or  the  chord-extension t o  the wing panels had 
l i t t l e  or no effect  on the variation  of  normal-force  coefficient with 
angle of attack,  except  for a slight decrease i n  the slope at a > l2O 
fo r  the one-fence a d  chord-extension  configurations. Also, the values 
of peak normal-force coeflicient  attained. were about the same for  the 
configurations compared i n  figure 24. An appreciable  difference  in the 
apparent s tabi l i ty   character is t ics ,   as  determined by the  slope of the 
curve  of 6, plotted  against a, is exhibited  for the configurations 

. ". 
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discussed. The basic irlng configuration exhibits about the same degree 
of  apparent stability up to a 100 as exhibited  by the two-fence and 
chord-extension  configurations up t o  a w 90. This degree of  s t a b i l i t y  
is greater than fo r  .t&e one-fence configuration. However, the basic wing 
configuration appears unstable a t  a 2 @, whereas the other  configura- 
t ions appear unstable at ot 2 130- 

The effects  on the ai rp lane   s tab i l i ty  and l i f t  character is t ics  of 
unlocking the slats so they were free t o   f l o a t ,  and of  locking the s l a t s  
i n  the fully extended position, are shown in figure 25 f o r  the condition 
of f laps  and gear  retracted. The slats had l i t t l e  o r  no e f fec t  on the 
slopes of the curves of  normal-force  coefficient  plotted  against  angle 
of attack,  regardless of the wing-fence configuratfon. The peak  values 
of at ta ined were appreciably larger when the slats were free 
f loat ing and t o  a greater degree when the slats were ful ly  extended. 
These higher values.of peak CNA result from the effectiveness  of the 
slats in  delaying  separation and extending the stable region of the air- 
plane to  lower speeds and t o  higher angles of attack. Comparison of the 
curves of 6e plotted against a in figure 25 indicates that the free- 
f loat ing slats and the fully extended slats generally had an  inconsistent 
or  negligible. effect on the degree of s t a b i l i t y  exhibited in the stable 
region,  but  extended the peak angle  for the posit ive stability range 
f r o m  a -100 ( w i t h  slats retracted) t o  a FJ 120 fo r  the basic wing 
airplane, and from OG - 130 to a = 150 fo r  the inboard wing-fence 
configuration. Regardless of slat configuration, the data show the air- 
plane becomes unstable a t  a greater value of a when the inboard wing 
fence is  instal led.  These r e su l t s  are i n  general agreement w i t h  those 
shown in the wind-tunnel  investigation of reference 4 for the effects 
of w i n g  fences and slats on s t ab i l i t y .  It i s  noteworthy t h a t  the posi- 
tion of the  free-floating slats above a - 13O was similar t o  the fully 
extended slat posit ion (figs. ll and 14), therefore  the  airplane  exhibited 
generally similar characterfstics a t  the  higher values of a when the 
slats were free floating or  fully extended. 

Flaps and landing gear extended.- With the flaps and gear  extended, 
addition of wing fences  with the slats unlocked or  addition  of wing  
chord-extensions (slats retracted)  had a negl igible   effect  on the varia- 
t ion  of C N ~  with a, except  for a decrease fn slope exhibited a t  

a > for the inboard-fence  configuration  (fig. 26 1. Peak values 
of mA at ta ined with the  basic wing configuration and with  both Xing- 
fence  configurations w e r e  approximately the same. The appreciably lower 
peak value of C N ~  for  the  chord-extension  configuration  probably results 
from the f a c t  that the w i n g  slats were re t rac ted   for  this configuration 
and earlier and more severe  buffeting was detected by the p i l o t  who ter- 
minated the maneuver a t  a lower value  of a and CNA than  for the other 
configurations tested. The degree of  apparent  stability exhibited by the 
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four  configurations compared i n  figure 26 does not. differ appreciably a t  
the more moderate  values of a, except  possibly  for the -slightly greater 
apparent  stabil i ty exhibited by the chord-extension  configuration. A t  
angles  of  attack above about loo or I" a l l  configurations show a neu- 
t r a l l y  stable region f o r  several  degrees,  followed by an  unstable  regfon 
for  the basic wing configuration and both  fence  configurations. Became 
of the  approximately  neutrally stable region  apparent a t  the higher 
values of a, appreciable  elevator-control movements were mde by the 
pilot   during some stall mneuvers with SOE e r ra t i c  response from the 
airplane,  resulting in the   scat ter  i n  data points sham in  f igure 26. 

Inasmuch as.1g  stall-approach mmeuvers were not performed with the 
slats. retracted and f laps  and gear extended, a comparison of only th& 
effec ts  of the Free-floating slat  and the fully extended slat on airplane 
lift and s tabi l i ty   character is t ics   in  the landing  condition is feasible. 
A comparison of data fo r  these configurations is shown i n  figure 27 for  
both the basic wing and  inboard-fence  co*igurations. A slight increase 
in  the normal-force-coefficient  slope a t  the. lower values of a for  both 
extended-slat  configurations is apparent compared with  the data f o r  the 
free-floating slat configurations. A t  the higher angles of attack, how- 
ever ,  the variation  of C N ~  with a is greater for   the inboard-fence 
configuration when the slats a r e - u l l y  extended,  and is  greater f o r  the 
basic wing configuration when the slats are"free floating (unlocked). 
The reasons fo r  these differences are not  readily  appaxent,  especially 
since the fr-ee-floating stats are  essentially  "fully extended" a t  angles 
of attack above about 120 (figs.  12(a) and 15(a)). . S l a t  configuration 
appeared t o  have only a small ef fec t  on the apparent stability  character- 
i s t i c s  a t  a <, @ - for  either wing-fence condition; however, it w i l l  be 
noted that the airplane  appeared somewhat more stable with no wing fences 
than with the inboard  fences when the slats were f'ully extended. At 
a 2 12' the main ef fec t  noted is the  unstable trend shown for the basic 
wing slats-extended  configuration as compared t o  the generally  neutrally 
stable or  slightly  stable  regions shown by the other  configurations. 
This ef fec t  is i n  agreement with the results shown i n  reference 4 fo r  
the effects  of adding similar inboard wing fences t o  the extended-elat 
airplane  configuration. 

.. 

In  general, the pi lo ts  considered the configuration embodying 
extended wing slats and inboard wing fences the most satisfactory f o r  
performing  stall-approach maneuvers. 

The low-speed s t a l l i ng  and lift characterist ics of the Douglas 
D-558-11 airplane Were measured in  a series of lgstall-approach maneuvers 

. ". . 



NACA RM H55E3I-a 15 

t performed  with  several wing modifications  designed  to  alleviate  swept- 
wing  instability  and  pitch-up.  The  various  airplane  configurations 
investigated  Fnclude a basic  wing  configuration and two wfng-fence  con- 
figurations in combination  with  retracted,  free-floating,  or  extended 
slats, and a wing  leading-edge  chord-extension  configuration. A l l  con- 
figurations  were  investigated  with  flaps  and  landing gem retracted  and 
extended. 

With  slats,  flaps, and landing  gear  retracted,  none of the wing 
modifications  investigated  had an appreciable  effect on the  lift  or 
stability  characteristics  at low and  moderate  angles  of  attack.  Regard- 
less  of  wing-fence  configqation,  appreciably  larger  values  of peak 
normal-force  coefficient  were  attained  with  slats  unlocked  (free  floating) 
or fully  extended than with  slats  closed.  Wing  fences  and  the  chord- 
extension  tended  to  delay  the  onset  of  instability  with  slats  retracted, 
and  the  stable  region was  further  extended for the  configurations  with 
either no wing  fences  or  inboard  wing  fences when the  slats  were  free 
floating  or extended. 

With  flaps  and  landing  gear  extended, only the fully extended  slat 
configuration  affected  the  variation of normal-force  coefficient  with 
angle of attack  by  increasfng  this  variation  slightly.  Peak  values of 
normal-force  coefficient  attainedwere  the same for  all  configurations 
except  the  chord-extension  configuratfon  for  which  exceasive  buffeting 
caused  earlier  termination of the  maneuver. Mst of the  configurations 
had  little  or no effect on the  stability  characteristics  over most of 
the  lower and moderate  angle-of-attack  range.  The  airplane  appeared 
somewhat mre stable, however,  with  no wing fences  installed  than  with 
King  fences  installed  when  the  slats  were  extended. At larger  angles 
of  attack  and  with  slats  extended,  inboard wing fences  materially 
improved  the  stability  characteristics of the airplane. 

At any given  angle  of  attack,  extending  the  flaps  provided an incre- 
ment i n  normal-force  coefficient of about 0.3; whereas,  except  for  the 
larger  angles of attack,  the-free-floating o r  fully extended  slats  pro- 
vided  no  incremental  lift.  The  airplane  generally  appeared more stable 
longitudinally  at  comparable speeds with  the  flaps  deflected  than  with 
flaps  retracted;  however,  marginal dynamic lateral stability  was  evident 
for  several  configurations  with  the  flaps  extended  or  retracted. 

In general,  adequate  stall  warning in the form of  buffeting was 
noted  by  the  pilot  well  above  minimum  speed  and  in the stable  flight 



region of  the airplane, particularly f o r  the chord-extension  configura- 
t ion  for  which buffeting  appeared  aggravated. 

High-speed Flight Station, 
National Advisory Cormnittee f o r  Aeronautics, 

Edwards, Calif., May 18, 1955. 
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Wing: 
Root a i r f o i l  section (normal t o  0.30 chord of un8wept N) . . . . . . . . . .  
TIP a M o u  aecticm (normal to 0.30 chord of unmept  panel) . . . . . . . . . . .  
Tota la rea . sqf% . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
span. ft . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Mean aeroayPamic chord. in . . . . . . . . . . . . . . . . . . . . . . . . . .  
w t  chord (parallel to plane o r  mtrj). in . . . . . . . . . . . . . . . . .  
Thperratio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Aspectratio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Bwmep at  0.30 chord of unevept panel. deg . . . . . . . . . . . . . . . . . . . .  
Sweepofleadlngedge. deg . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Incidence a t  fuealage canter line. deg . . . . . . . . . . . . . . . . . . . . .  
Dihedral.deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Geometric M e t .  dag . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Aileron  travel (each) .  deg . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

~ p C h o r d ( ~ d h l ' b p k U 9 O f 8 ~ ~ . b  . . . . . . . . . . . . . . . . . .  

Total aileron area (reamsl.a of hinge 1-1. e q  ft . . . . . . . . . . . . . . .  
T o t a l f l a p a r e a .   8 q f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Flaptravel.  deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. IWCA 63-010 
HACA 631-OI.2 . . .  175.0 . . .  25.0 . . .  87.301 . . .  108.51 . . .  61.18 . . .  0.565 . . .  3.370 . . .  35.0 . . .  5.8 . . .  3.0 . . .  -3.0 . . .  0 . . .  

115 9.8. 
. . .  12.5 . . .  go 

. . .  

Horizontal tau: 
Root airfoil section (nornmJ to 0.39 chord of unswept prurel) . . . . . . . . . . .  IWCA 63-0m 
Tip s i r fo i l   e ed ion  ( n o m  to 0 . y  chord of unswpt  pknal) . . . . . . . . . . . .  MIX 63-0x1 

lkm aerodynamic W d .  in 41.75 
-.in 143.6 

Root chord (parallel to plane of symmetry). in . . . . . . . . . . . . . . . . . . . .  53.6 
Tip chord (parallel t o  plsne of ~ymmetry). in . . . . . . . . . . . . . . . . . . . . .  26.8 

Area (including fuselage), aq ft . . . . . . . . . . . . . . . . . . . . . . . . . . .  39.9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
'raBerratl0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.53 
Aspect ratio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3.59 
Sueep a t  0.30 chord llne of unmept panel. deg . . . . . . . . . . . . . . . . . . . .  40.0 
Dihedral.deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 
mevator eaea. eq ft, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9.4 
Elevator trawl. 8eg 
up . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  25 
Dow . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  13 

Leedlngaageug . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 
5 

Stabi l izer  travel. deg 

L e a a l n g ~ d o w n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
V e r t i c a l  tail: 

Airfoil  section (normi l  to 0.30 chord of UnEIWept -1) . . . . . . . . . . . . . .  
Height fKnn fuselage center line. in  . . . . . . . . . . . . . . . . . . . . . . .  
Root chord ( p a r a ~ e l  to fuselage canter line). in . . . . . . . . . . . . . . . . .  
TIP ch~rd (parallel t o  -elage center -1. in . . . . . . . . . . . . . . . . .  
Sueep angle at 0.30 chord of unswept -1. beg . . . . . . . . . . . . . . . . . .  
W r  area (- of ~ n g a  1-1. f t  . . . . . . . . . . . . . . . . . . . .  
Rdhrtranl. deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

kea. E q f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  m . .  . .  . .  . .  
. .  . .  
. .  

63-010 
36.6 

146.0 
93.0 

44.0 
49.0 
6.15 
*25 

Fuselage: Length. f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  42.0 
bkxinnm d.k~ter, in. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  60.0 
Fineness r a t io  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8-40 
spa"=- n. sq f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5.25 

Engines : 
Turbojet . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  J34-WE-40 
Rocket . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  IRB-RH-6 

A i r p l a n e  weight. lb: 
Full Je t  and rocket fuel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15. 570 
= je t fue l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  12. 582 
BOAael . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10. 822 
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IIlABLE 11. - WEX TO DATA FIGURES 

(a) complete data for  each sta~-approach maneuver 

Airplane configuration Slat  configuration 

Retracted 
&sic (no fences) 

Unlocked 
Unlocked 

Retracted 
Inboard wing fences Unlocked 

Unlocked 

Inb0gl.d Olltboarcl King Retmceed 
fences Unlocked 

Wing slats AiLly exterded 
(no wing fences) 

Wing slats fully extended 
and inboard w i n g  fences 

~ ~ a p s  and lanaing gear 
Retracted 
Retracted 
&tended 

Retracted 
Retracted 
Extended 

Retracted 
Esrl;ended 

Retracted 
f i tended  

Figure number 

=(a) and E ( b )  

Retracted. 
Extended 

Retracted =(a) and 22(b) 
fitend& 23(a) and 23b) 

.. . 
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TABLF: 11. - RTLIEX TO DATA FIGURES - Concluded 

(b) Comparison data of lift and stability  characteristics 

Airplane  configuration 

Basic wing (no fences) 
inboard wing fences 
Inboard and outboard whg 

W i n g  leading-edge chord- 
fences 

extensions 

Inboard wing fences 

Basic wing (no fences) 
Inboard wing fences 
Inboard and outboard wing 

fences 
W i n g  leading-edge chord- 

exteneione (no s la t s )  

~ a s i c  wing (no fences) 

Inboard wing fences 

1 . 4  

Slat configuration 
~ ~~~ 

Retracted 
Retracted 
Retracted 

Retracted 

Retracted 
Unlocked 
Extended 
Retracted 
Unlocked 
m n d e d  

Unlocked 
unlocked 
Unlocked 

Unlocked 

Flaps and landing gear Figure rider 
I 

Retracted 
Retracted 
Retracted. 

Retracted 

Retracted 
Retracted 
Retracted 
Retracted 
Retracted 
Retracted 

Ektended 
Brtenaed 
Ektended 

24 
24 
24 

24 

26 
26 
26 

Extended I 26 
I 
I 

I U I . I  

~ 

. . . . . . . . . . . . . . . .. . . . .  . . .  
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Figure 1.- Ihree-qmer Front view of Douglas D-558-11 airplane. 
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Figure 2.- Three-view drawing of the Douglas D-558-11 research airplane. 
All dfmensions in inches. - 
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Section 3 6 p e r m t  semispon 
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Figure 3.- plan form ana sections of the wing of the 11-558-11 airplane 
showing the locat ion and 6 h p e  of wing fences (stall-control vanes) 
used in the investigation. 
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Figure 4.- Photograph of the D-558-11 wing, sharing the  inboard and out- 

board femes (stall-control vanes) on the wlng. 

. . . . . . . . . . .  
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Airplone 

Wing fence 3 

" 

Section ot 036 b/2 

Slat fully 
extended 

\Path of slot travel 
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m975 
Figure 6.- Photopaph of rim wing of D-558-11 airplane shaving slat in  

ful ly  extended position and inboard fence on King. 
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\ 

I&- Originol  wing profile 

Wing section ot stotion 102 

Figure 7.- Plan form and section of the wing of the D-558-11 airplane showing 
the  wing leading-edge  chord-extension  configuration. 
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Figure 9.- Ele.evstor-contro1 force requlred to deflect elevator on the 
ground under m loaa. 

. .  .. . . . 
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(a) Time history. 

Figure 10.- Flight  characteristics of the D-358-11 research airplane 
during an unaccelerated s t a n .  No fences on; slats  retracted; flaps 
retracted; landing gear  retracted; ~-t; - 1.5O; center of gravity at 
0.267E; $ = 20,800 feet .  

. .  . .  . 

I 



Pull I t I 20 

190 200 210 220 230 
Vi mph 

(b) Variation of Fer 6,, a, C N ~ ,  and n w i t h  Via 

Figure 10.- Concluded. 
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(a) Time history. 

Figure U.- Flight  characteristics of the D-358-11 research airplane 
during an unaccelerated s ta l l .  No fences on; slats unlocked; flaps 
retracted;  landing  gear  retracted; it = l.5O; center of gravity at 
0.2695; hp - 19,500 feet. 

w w 
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Figure U.- Concluded. 
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(a) l?pima history. 

Figure 12.- Flight h a c t e r i s t i c s  of the D-558-11 research airplane 
during an unaccelerated &all. No fences on; S h t S  unloched; f laps  
extenaea; landing gear exhnded; = l.To; ceher  of aav i ty  a t  
O.26OE; hp = 19,OoO feet. 

. . .  . 
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130 1 4 0  150 I 6 0  170 

(b) Variation of F,, E,, a, %A, and n with VI. 

Figure 12.- Concluded. . 
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(a )  Time history. 

Figure 1.3.- Flight  characterist ics of the D-558-11 research  airplane 
during an  unaccelerated stall. Inboard fences on; slats retracted; 
flaps retracted; landing gear retracted; = 1.30; center of gravity 
a t  0.264E; $ 20,000 fee t .  
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p u l l  
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(b) Variation of Fet 6,, a, C N ~ ,  and n with Vi. 

Figure 13. - Conclpded . 
ly 
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(a) Time history. 

Figure 14.- Flight  characterist ics of the D-558-11 research airplane 
dur ing  an unaccelerated  stall.  Inboard fencea on; s l a t s  unlocked; 
flaps retracted; landing gear  retracted; = Z.lo; center of gravity 
a t  0.255E; % FJ 21,ooO fee t .  
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(b) Variation of F,, 8,, a, %A, snd n w i t h  V i -  

Figure 14.- Concluded. 
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(a )  T h e  history. 

.gure 15 .- Flight characterist ic8 of the D-558-r1 research airplane 
during an unaccelerated stall. Inboard fences on; slats unlocked 
flaps extended; landing gear  extended; it = 1.4O; center of gravi 
at O.233iZ; \ = 2l,500 feet. - 't 

t Y  
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(b) Variation of F,, 6,, a,. C ~ ~ , - a n d  n with Vi. 

Figure 19. - Concluded. 
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(a) Time history. 

Figure 16.- Fl ight  characterist ics of the  D-558-11 research  alrplane 
duriw an unaccelerated stall. Bath fences on; slats retracted; 
flaps 1-etracted; landing gear  retracted; = 2.3O; center of gravity 
at 0.2t12E; hp 21,ooO feet. 

L_ 
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(b) Variation of F,, E e t  a, . CN*, and n with VI 

Figure 16.- Concluded. - 
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(a) Time history. 

Figure 17.- Flight characteristics of the D-258-11 research  airplane 
during an unaccelerated stall. l n b w d  and outboard wing fences 
installed; slats unlocked; flaps extended;  landing  gear  extended; 

= 2.3O; center of gravity at 0.262Ej 20,500 feet. 
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(b) Variation of F,, E,, a, CNA, and n with Vi. 

Figure 17. - Concluded. - 



(a) Time history. 

Figure 18.- Flight characterist ics of the D-558-n: research airplane 
during an unaccelerated  stall.  No fences on; slats fully extended; 
flaps retracted; landing gear  retracted; = 1.6O; center of gravity 
a t  0.3%; hp = 21,000 fee t .  
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(b) Variation of F,, 6,, 'a,, CNA, and n with Vi. 

Figure 18. - Concluded. 
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(a) Time history. 

Figure 19.- Fl ight  characterist ics of the D - 5 s - n  research airplane 
during an unaccelerated  stall .  No fences on; slats fully mended;  
f h p s  extended; lading gear  extended; = 1.6O; center of gravity 
a t  0.24%; hp IJ 19,000 fee t .  
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(b Variation of Fey 6,, a, and n with Vi. 
%A, 

Figure 19.- Concluded. - f 



Tie, t ,  sec 

(a} ~ i m e  Mstory.  - 
Figure 20.- Flight characterist ics of the  D-558-11 research airplane - during an  unaccelerated  stall.  Inboard  fences 011- slats fully extended; 

f lap retracted; . -~ landing .~~.fet. gear "_ retracted; .. .. it = 1.6'; center of gravity 
a t  0.2565; hp a , e 



.. 

(b) Variation of F,, ti,, a, +A, ana n w i t h  Vi. 

Figure 20.- Concluded. 
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(a) Time history. 

Figure 21.- F l i g h t  characteristics of the D-558-11 research airplane 
during an unaccelerated s t a u .  Inboard fences on; ehts f u l l y  extended; 
f laps extended; landing gear extended; it = 1.6O; center of gravi ty  at 
0.252~; % 5+: 20,200 ret. 
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(b) Variation of F,, 6,, a, and n with Vi. 

Figure 21.- Concluded. - 
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(a) Time history. 

Figure 22.- Flight  characterist ics o f  the D-558-11 r e sea rch   amlane  
during an unaccelerated  stall .  No fences on; flaps retracted; landin@; 
gear retracted;  chorbextensions on; it = 1.6O; cen%er of gravity  at  
0.22G; hp = 20,400 fee t .  
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Y, mph 

(b) Variation of Fe, Ee, a, %A, and n with Vi. 

Figure 22. - Concluded. - 
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(a) Time history. 

Figure 23.- Flight  characteristic8 of the D-558-11 research airplane during 
an unaccelerated s tan .  No fences on; f l a y s  extended; landing gear 
extended;  chord-extensions on; = 1.6O; center of gravity at O.22hE; 
% = 18,700 f&. 
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(b) Variation of Fer E,, a, CNA, and n with Vi. 

Figure 23.- Concluded. " 
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Figure 24.- Cmparieon of appared &abil i ty  and lift characteristics of the D-258-II' research 
airpkLsne wlth variaue wing modifications. Wing slats retracted; f laps  and Landing gear 
retracted. 
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(c) s la ts  extended, 

Figure 25.- Comparison of apparent stabilltq and lFft characteridtics of the D-558-11 research 
airpLane x i t h  yarioue wing mOaFfications. Flaps a d  landing g e a r '  retracted. 

Y , 
. .  . . . . . . . . . . . . . . . . 



. .  . 1 1 

Figure 26.- Ccmrperison of apParene stability and 1Fft chmaderis t ics  of the D-59-11 research alr- 
plane with d o u a  wlng moaificationa. W i n g  slats unlocked; flaps and lanalng gear &endea. 
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(a) Glsts udLocked. (b) Slats  extended. 

Figure 27.- Ccnnparison of apparent s t a b i u t y  and lift characteristics of the D-528-11 research 
airplane  with  various wing modifications. Flaps and landing gear extended. 
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